In this study, we established a rapid prediction test for the detection of the cattle with violative tissue residues of penicillins. The recommended therapeutic doses of two penicillins, ampicillin (withdrawal time, 6 days) and amoxicillin (withdrawal time, 14 days), were administered to two groups of 10 cattle each. Blood was sampled and tested before drug administration and during the withdrawal period. The concentration of penicillins in plasma, determined by a semi-quantitative ELISA, was compared to that of internal standard (4ppb as penicillin G). The absorbance ratio of internal standard to sample (B/Bs) was introduced as an index to determine whether drug residues in cattle tissues are negative or positive. That means B/Bs ratio lower than 1 was considered residue positive and that higher than 1 negative.
.
The demands for reliable, simple, sensitive, rapid and low-cost methods for detecting residues in foods continue to grow (M itchell et al. 1998; . Variety of enzyme immunoassays have been developed and adopted for detecting the generic groups of chemical residues in milk, urine, blood, and meat samples (Gardner et al. 1996; Szekacs 1994; Lee et al. 2000; . Enzyme-linked immunosorbent assay (ELISA) has become the most popular method for chemical residue detection in food due to its extreme sensitivity, simplicity, and ability to screen large number of samples (Clifford 1985; Gardner et al. 1996; Szekacs 1994; .
In the present study, we developed a live animal test to predict the tissue residues of penicillins (ampicillin and amoxicillin) in cattle by examining the concentration of drug in blood during the withdrawal period obtained by an ELISA technique.
Materials and Methods

Materials
Ten Holstein female cattle (7 -8 month old, mean body mass 200 kg) were used in the experiments. Binotal Injection (100 mg/ml ampicillin natrium) was obtained from Bayer Korea Ltd. (Seoul, Korea). Clamoxyl L.A. Injection (150 mg /ml amoxicillin trihydrate) was obtained from Pfizer Korea Ltd. (Seoul, Korea). ELISA kits for ß-lactams, manufactured by Idetek, were purchased from Korea Media Ltd.
Drug administration and samples
Ampicillin was administered intramuscularly to each of the 10 cattle at the rate of 11 mg per kg body weight per day for seven consecutive days, and amoxicillin twice (24 h interval) intramuscularly to each of 10 cattle at 15 mg per kg body weight. Blood samples were collected from all cattle before administration of the drugs and on days 1, 3, 5, 6, and 10 after the last ampicillin injection. From the cattle treated with amoxicillin, blood samples were collected on days 1, 3, 7, 10, and 14. Ten ml of blood from each cattle were collected in heparinized tubes and centrifuged at 4500 × g for 10 minutes to collect the plasma.
Preparation of standard curves
Stock standard solution of 1000 µg/ml of each ampicillin and amoxicillin were prepared using USP standards in saline. These stock solutions were further diluted with saline or blank serum to prepare 0, 1, 2, 5, 10, 20, 50, 100, 500, and 1000 µg/ml working standard solutions. Standard curves of each antibiotic were constructed using the standard solutions fortified into serum to determine the detection limit for the ELISA kit.
Analysis of penicillins in plasma
ELISA tests for β-lactams were applied to each plasma sample in duplicate using a modified methodology described by Boison et al. (1995) , in which the manufacturer's protocol for milk screening was adapted for plasma screening. Briefly, 250 µl of the internal standard solution (equivalent to 4 ppb penicillin G) was pippetted into a test tube containing immobilized β-lactam antibodies. The plasma (250 µl, diluted 1 : 10 w/PBS) was pippetted into individually labeled tubes. An equal volume of tracer solution (enzyme conjugate, lyophilized horseradish peroxidase labeled β-lactam conjugate with preservative) was added, and the test tubes were incubated at room temperature for 3 minutes with continuous shaking. The excess sample and conjugate reactants were then washed out with saline. A colour developer (0.5 ml, enzyme substrate) made up of 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) and hydrogen peroxide in citrate buffer was added to the test tubes, and the mixture was incubated at room temperature for 3 minutes with continuous shaking. Dilute sodium dodecyl sulfate solution (0.5 ml) was added to each test tube to stop the reaction. The absorbance was read at the wavelength of 405 nm with a photometric detector (Idetek Reader, Awareness Technology, Inc., USA, operated in the 0.9 ratio mode) and compared with that of the internal standard (4 ppb). Samples with absorbance higher than that of the internal standard were considered to be negative (β-lactam drug free), and those with absorbance lower than that of the internal standard were considered as positive. In this analysis, no more than 5 samples were processed simultaneously, and the assay was completed within 10 minutes (Boison et al. 1995; Cullor et al. 1994) .
Results
Standard curves and detection limits
The standard curves of ampicillin and amoxicillin were constructed to determine the detection limits of each drug. The detection limits of ampicillin and amoxicillin were found to be lower than 1 ppb based on the B/Bo ratio of 0.8 in the ELISA system ( Figs. 1 and 2 ).
Live animal test for penicillins in plasma
Ampicillin. Results of plasma analysis are shown in Table 1 . As the absorbance ratios of normal 10 cattle of the control group were higher than 1.0, that is, the concentrations of ampicillin in the diluted plasma (× 10) of this group were higher than 4 ppb, the control group was negative. On day 1 of withdrawal, 8 of the 10 samples were found positive. The number of positive samples on day 3 was 5. All samples showed negative reaction after day 5 of withdrawal (B/Bs ratio ≥1.0).
Amoxicillin. Results of plasma analysis are shown in Table 2 . As the absorbance ratios of normal 10 cattle of the control group were higher than 1.0, that is, the concentrations of amoxicillin in the diluted plasma (× 10) of this group were higher than 4 ppb, the group tested negative. All samples tested positive on day 1 of withdrawal. On day 3, 4 of the 10 samples were positive. After day 5 of withdrawal, all samples showed negative reaction (B/Bs ratio ≥ 1.0). Table 1 Depletion profile of ampicillin in plasma during withdrawal period * Blood was collected before administration of ampicillin. The drug was administered intramuscularly with 11 mg/kg body weight once daily for seven consecutive days, and blood samples were collected from cattle during the withdrawal period. Concentration of ampicillin in plasma was analyzed using a LacTek ELISA kit. B is absorbance of sample and Bs is absorbance of the internal standard (4 ppb). B/Bs ratio lower than 1.0 is considered positive and that higher than 1.0 negative.
Withdrawal
No 
Discussion
To prevent unwanted drug residues from entering the human food chain, both the government authorities and the industries have established extensive control measures (Sternesjö et al. 1998) . A variety of rapid screening tests have been developed and applied for determining drug contamination of animal products on farms and slaughterhouses. The Swab Test On Premises (STOP), a nonspecific microbial inhibition test, has been used in abattoirs in the United States and Canada for over 10 years to screen for antibiotic residues in tissues from slaughtered animals (Korsrud et al. 1998 ). The test requires overnight incubation, and results are not ready until the following day. Sweeney et al. (1993) developed a model with urine of pigs to predict the number of days for sulfamethazine concentration to fall below 0.1 ng/g of tissue residues in various organs. This prediction model provided the practical basis for current Sulfa On Site (SOS) test in which swine urine is used for screening sulfonamide residues in animal tissue in federally inspected abattoirs of the United States, Canada, and Korea. With the correlation between residue levels in tissue and urine established, the urine residue is used as an indicator of sulfamethazine in animal tissue. Though, unlike STOP and the Live Animal Swab Test, the SOS test provides same-day results, and it detects only sulfonamides. Papich et al. (1994) conducted experiments to determine whether penicillin residues in the plasma of live animals can be used as a practical indicator of penicillin residues in tissues of food-producing animals at slaughter. According to the results, penicillin G in the plasma did not correlate with that in tissues. To determine whether commercially available rapid tests can be used as screening tests to indicate the presence of penicillin G in the plasma of live animals, Boison et al. (1995) analyzed plasma from healthy steers injected with procaine penicillin G only, and a combination using benzathine penicillin G with four commercially available tests (Brilliant Black reduction test, LacTek test, Charm Farm test, and Charm Test II receptor assay). When results of the four rapid tests were compared with the results of liquid chromatographic method, none of the rapid tests gave false-positive results. With the administered dosage taken into consideration, plasma concentration profiles of penicillin antibiotics in our study were similar to the above studies.
As the withdrawal time of a drug is established based on the tolerance level in tissue and elimination rate of the drug, and blood is a central pool of drug distribution to body compartments and elimination from tissues through biological fluids (Booth 1988) , it may be help to predict the residue of drugs in tissue by examining the blood drug depletion profile Table 2 Depletion profile of amoxicillin in plasma during withdrawal period * Blood was collected before administration of amoxicillin. The drug was administered twice intramuscularly with 15 ?/kg body weight at intervals of 24 h and blood samples were collected from cattle during withdrawal period. Concentration of amoxicillin in plasma was analyzed using a LacTek ELISA kit. B is absorbance of sample and Bs is absorbance of the internal standard (4 ppb). B/Bs ratio lower than 1 is considered positive and that higher than 1 negative.
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No during withdrawal period Boison et al. 1995; Lee et al. 2000; L e e et al. 2001 ). According to our results, the developed methods can be adapted easily to predetect residues of penicillin antibiotics (ampicillin and amoxicillin) in live cattle using diluted blood plasma (× 10) with the modified ELISA test kits. It is conceivable that the veterinary inspector in the abattoir may be able to use this method to screen for penicillin antibiotics in plasma from live cattle in holding pens prior to slaughter and obtain same-day results. Cattle that show positive can then be held in the pens until retest results come up negative before they are slaughtered.
Aplikace metody ELISA pro stanovení penicilínovích reziduí v krevní plasmû skotu V této studii byl vypracován postup pro detekci prchav˘ch zbytkÛ penicilínu v tkanivách skotu. Doporuãované dávky dvou penicilínÛ, jmenovitû ampicilínu (doba odbourání 6 dní) a amoxicilínu (doba odbourání 14 dní) byly podány dvûma skupinám skotu (n = 10). Krev byla odebrána a testována pfied podáním lékÛ i poãas jejich odbourávání. Koncentrace penicilínu v plasmû byla stanovena pomocí semikvantitativní metody ELISA a byla porovnána s koncentrací interního standardu (4ppb penicilínu G). Pomûr absorbance interního standardu k absorbanci vzorky (B/Bs) byl definován jako index k urãení ãi zbytek antibiotik ve tkáních byl pozitivní anebo negativní. Pomûr B/Bs men‰í neÏ 1 byl pokládán jako reziduálnû pozitivní a pomûr vet‰í neÏ 1 jako reziduálnû negativní.
KaÏd˘ z deseti vzorkÛ odebran˘ch skotu, jemuÏ nebylo podáno Ïádne antibiotikum byl negativní na oba penicilíny. Oba v‰ak byly detekovány v plasmû zvífiat do tfietího dne od podání dávky.
Táto studie potvrdila, Ïe semikvantitativní metoda ELISA mÛÏe b˘t snadno adaptována pro stanovení reziduí antibiotik penicilínové fiady (ampicilínu a amoxicilínu) v krevní plasmû skotu.
